INTRODUCTION
Radiation exposure is a continuing threat both from potential ''dirty bomb'' terrorist events and industrial accidents involving nuclear power and misplaced radioactive sources. In the case of a radiological event, mass screenings of large sections of the relevant population will be required to triage exposed from nonexposed individuals and to determine the severity of the received dose in exposed individuals (1) . The identification of potential biomarker proteins for use as a radiation biodosimeter is critical for effective medical treatment of such occurrences (2) . Inflammation is a classically held pathophysiological response to the damaging effects of ionizing radiation exposure and increased serum amyloid A (SAA) expression after exposure has recently been found in both nonhuman primates and mice (3) (4) (5) .
The apolipoprotein serum amyloid A is a major acute phase reactant protein and plays a central role in the inflammatory response. Present in a wide variety of vertebrate species, SAA is expressed primarily in the liver, although it is also found in extrahepatic sources such as adipocytes and macrophages (6, 7) . SAA is involved in cholesterol sequestering and lipid metabolism and has been shown to induce extracellular-matrix-degrading enzymes, proinflammatory cytokines and to recruit immune cells to sites of inflammation by chemotaxis (8, 9) . When induced, SAA has a wide dynamic range of expression, increasing up to 1,000-fold over basal expression values and exceeding plasma concentration values of 1 mg/ml (10) .
Given the current scarcity of noninvasive markers of radiation response, and expanding on the seminal biodosimetry work of Kim and Ossetrova, the utility of SAA as a potential radiation biodosimeter was further examined (5, 11) . Using plasma SAA levels in mice exposed to varying doses of radiation, a predictive model to estimate radiation dose was constructed. This model was then examined for its ability to quantify unknown radiation dose based on SAA expression. Partial-body radiation exposures were also examined to determine the dynamics of SAA response. Our data indicate that plasma SAA in mice is a promising biomarker for radiation exposure.
(FBS) at 378C, 5% CO 2 . Total protein was extracted for Western or ELISA assays. Cell lines from various tissues were included in this study: U251, U87, LN18, LN229, MIA PaCa-2, MCF-7, MDA-MB-231, HELA, MRC9, CCD-19Lu and HUVEC. HUVEC were obtained from Lonza (Basel, Switzerland), U251 from the DCTD Tumor Repository (National Cancer Institute, Frederick, MD) and all other cell lines from ATCCt (Gaithersburg, MD).
Human Ex Vivo Model
Human peripheral blood lymphocytes (PBLs) were collected by venipuncture and cultured on Poly-D Lysine/Laminin coated plates. Either PBLs or whole blood were irradiated ex vivo and incubated at 378C, 5% CO 2 . PBLs were then harvested and total protein extracted for Western or ELISA assays. Whole blood was spun at 48C for 10 min at 2,200 RCF and serum or PBLs collected.
Human ELISA and Western Blot
Potential biomarker proteins were screened using either ELISA or Western blot techniques. Commercially available ELISAs were used for transferrin and albumin (Assaypro LLC, St. Charles, MO), sTfR and a-amylase (BioAssay Systems, Hayward, CA), fibrinogen (Innovativee Research Inc., Novi, MI) and a custom direct ELISA method for c-H2AX (12) . Antibodies for Western blots were obtained from: CUGBP1 (Upstatet, Billerica, MA), CUGBP2 (Zymed Laboratories Inc., San Francisco, CA), ADAM9 (Abcamt, Cambridge, MA), ENO1 (Abcam), MUC1 (Santa Cruz Biotechnologyt Inc., Dallas, TX), FMRP (Chemicon International Inc., Billerica, MA) and ST3GAL1 (Novus Biologicals LLC, Littleton, CO).
Mouse ELISA
Potential biomarker proteins were screened using commercially available ELISAs: transferrin (R&D Systemse, Minneapolis, MN), fibrinogen (GenWay Biotech Inc., San Diego, CA), amylase (Bioassay Systems), albumin (GenWay Biotech) and a custom direct ELISA method for c-H2AX (12).
Dosimetry
Human cell lines, human peripheral blood lymphocytes or whole blood and all in vivo models utilized a Pantak X-ray source at a dose rate of 2.28 Gy/min. Dose rate was calibrated based on the procedures described in the American Association of Physicists in Medicine (AAPM) Task Group Report 61 (TG-61) with regard to the following conditions: X-ray tube potential is 300 kV, half value layer is 0.8 mm copper and source to surface distance is 50 cm. Dose rate was measured at 2 cm depth in a solid water phantom using an ion chamber (model no. N23342; PTW, Freiburg, Germany) and electrometer (model no. 35040; Inovisiont, Chesterfield, MI).
Animal Model
For the dose-predictive model, ten-week-old female C57BL6 mice were either exposed to a single dose of 1-8 Gy total-body irradiation (TBI) or sham irraiation. All mice receiving TBI were confined using a standard pie jig preventing movement. Partial-body irradiations were conducted on anesthetized [120 mg/kg ketamine, 16 mg/kg xylazine intraperitoneal (IP)] and fully restrained mice using lead shielding to expose only the desired body fractions.
At various time points after irradiation (6, 24, 48 and 72 h as well as 1-3 weeks), plasma was collected by mandibular or cardiac puncture in lithium heparin blood collection tubes (BD Biosciences, San Jose, CA). Mice received 2.5-5.5% isoflurane anesthesia during cardiac puncture for blood collection. Blood samples were spun at 10,000 RCF for 10 min at room temperature and stored at À808C.
To test potential processing and storage variables on SAA expression, plasma was isolated from mice exposed to 4 Gy TBI 24 h after irradiation. Age variables were examined by comparing SAA data from C57BL6 mice aged 6-20 weeks at time of TBI with 1, 2, 4 and 8 Gy with plasma collections at 24, 48 h and 72 h postirradiation. Male vs. female SAA expression was examined in nude mice receiving 2, 4 and 8 Gy exposures at 24 h postirradiation. The effect of physical trauma on SAA response was examined in C57BL6 mice that received multiple mandibular venipuncture lacerations at 24 h posttrauma. Psychological stress effects on SAA expression were evaluated in C57BL6 mice receiving a sham exposure of 8 Gy TBI with plasma collected 24 h postirradiation. The effect of anesthesia administered for partial-body exposures was examined in C57BL6 mice receiving a 120 mg/kg ketamine, 16 mg/kg xylazine IP injection with plasma collected 24 h post injection by cardiac puncture with 2.5-5.5% inhaled isoflurane.
Ethics Statement
Samples of human origin were obtained under clinical study no. 02-C-0064 and were approved by the Institutional Review Board of the National Cancer Institute. Informed written consent was obtained from all participants under current IRB guidelines. All animal studies were conducted in accordance with the principles and procedures outlined in the NIH Guide for the Care and Use of Animals and procedures were approved by the NIH Laboratory Animal Safety Program under an approved protocol.
Mouse SAA Measurement
Serum amyloid A levels were determined in mouse plasma using a commercially available ELISA kit (Invitrogene, Carlsbad, CA) sensitive to all isoforms of SAA according to the manufacturer's instructions.
Statistical Analysis
In vivo experiments were analyzed independent of each other and unless otherwise indicated the data presented are specific to each individual animal. Statistical analysis of SAA values was done using a Student's t test and a probability level of P , 0.05 was considered significant. Pooled data is presented as mean 6 SEM. For statistical analysis of percentage of SAA response and analysis of clinical variables, a Mann-Whitney test was performed using assigned binary scores for SAA responders !150 lg/ml versus nonresponders.
Data was first evaluated for outliers that cause substantial influence on the model. Using studentized residuals and Cook's distance, 2 points, 1,000 (2 Gy) and 169 (8 Gy) were estimated to be outside the 62 range at 95% confidence level and were removed. A multiple regression dose prediction threshold for control/1 Gy and !2 Gy at 24 h postirradiation was generated using pooled SAA values from multiple animal experiments. SAA lg/ml thresholds were generated using receiver operator curves (ROCs) to establish specificity and sensitivity (Supplementary Figs. S1 and S2; http://dx.doi.org/10.1667/ RR13927.1.S1) Using the predicted cutoff value of 168 lg/ml identified from a (control/1 Gy vs. 2-8 Gy) ROC curve, a threshold of 150 lg/ml was selected to ensure high stringency for the lowest false negative rate in the blind study. Blind study SAA values were subsequently evaluated using the predetermined threshold of 150 lg/ ml at 24 h postirradiation. Mice were grouped into either control/1 Gy or !2 Gy groups. For this study, we required a dose prediction method to accurately predict .70% of the samples to be deemed successful. Contingency table analysis for sensitivity and specificity was performed using a Fisher's exact test for the TBI blinded study samples.
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RESULTS
Prospective Biomarker Screen
Potential biomarker proteins were selected based on literature suggesting increased expression after radiation exposure. To determine if there was a radiation dose-response relationship, prospective protein markers of radiation response were screened using plasma from mice receiving TBI (TBI plasma), human cell lines grown in culture (cell lines), ex vivo irradiated peripheral blood lymphocytes (PBL ex vivo) or ex vivo irradiated whole blood (blood ex vivo). Of the 21 candidate proteins investigated in the cell lines and the two ex vivo sample sets, only c-H2AX proved responsive to radiation exposure (Table 1) . However, in the TBI mouse plasma samples, fibrinogen, MMP9 and SAA showed elevated expression after radiation exposure (Table 1) . Fibrinogen had significantly elevated plasma levels (P , 0.05) over control at 1, 4 and 8 Gy 24 h postirradiation (Fig. 1A ). Statistically significant (P , 0.001) elevation of plasma MMP9 was seen at 24 h postirradiation at doses of 1, 4 and 8 Gy (Fig. 1B) . At 24 h postirradiation, SAA was significantly (P , 0.001) elevated in plasma from TBI mice at doses of 4 and 8 Gy (Fig. 1C) . Although fibrinogen, MMP9 and SAA all demonstrated radiation-responsive increases in expression at 24 h postirradiation there were significant differences in their range of expression, with fibrinogen showing a 2.5-fold increase, MMP9 a twofold increase and an over 400-fold increase for SAA. Since SAA had the largest dynamic range of plasma expression it was selected for further study as a potential candidate for radiation response.
Elevated Plasma SAA Levels in TBI C57BL6 Mice
To more fully characterize the dynamics of SAA response at 24 h, mice received TBI between 2 and 8 Gy. SAA levels from mice exposed to 2 Gy were significantly higher (P , 0.001) than from the unirradiated control mice at 24 h postirradiation (Fig. 2) . Irradiated mice in all dose groups between 3 and 8 Gy had SAA values similarly significant over control (P , 0.001) (Fig. 2) . To evaluate the early rise and duration of SAA elevation after irradiation we measured plasma SAA at additional time points of 6, 48 and 72 h and 1-3 weeks postirradiation (Fig. 3) . At 48 h postirradiation, some mice showed modestly elevated SAA values but this trend was not consistent. Elevated SAA levels were not detected in mice at 6 and 72 h and 1-3 weeks postirradiation. Mice receiving 1 Gy TBI did not show significant SAA elevation at any of the time points examined although a few individual mice had elevated SAA at 24 h postirradiation. Overlapping data points for the respective radiation doses at 24 h are clarified in Fig. 3 (see inset)
Elevated Plasma SAA Levels in Partial-Body-Irradiated C57BL6 Mice
To examine the effects of partial irradiation on SAA response, several partial-body irradiation patterns were examined by irradiating either a gross percentage of 25 or 50% body mass in the upper or lower quadrants, or by isolating distinct regions such as the head, limbs, trunk or trunk and limbs together (Fig. 4A) . Partial-body SAA response was evaluated at doses of 2-8 Gy at 24 h postirradiation. Mean SAA (lg/ml) values for each of the partial-body exposure profiles are shown in Fig. 4B and C. For mice receiving a 25% body mass exposure, mean SAA increased with dose and was significantly elevated over control for 4 and 8 Gy (with P , 0.01 and P , 0.001, respectively). For mice receiving a 50% body mass exposure, mean SAA increased with dose of exposure at 2 and 4 Gy, yet 4 and 8 Gy yielded equivalent SAA elevation. SAA increase in mice receiving a 50% exposure was also significant over control at both 4 and 8 Gy (P , 0.001) (Fig.  4B) . For mice receiving exposures to only the head, limbs, trunk or trunk and limbs together, an increase in mean SAA was seen with increasing radiation dose for each of the exposure profiles, but was significantly elevated over (Fig. 4C) .
Although mean SAA was sensitive to the level of radiation exposure, the irradiated groups were characterized by extremely low versus high SAA expression. To more fully characterize the SAA response to partial-body irradiation profiles, SAA elevation was analyzed using a binary method for responders versus nonresponders (Fig.  D) . A positive SAA response was defined as plasma SAA exceeding 150 lg/ml. Of the mice receiving a 25% body mass exposure of 2 Gy, 17% responded with elevated SAA at 24 h. This rate of response increased to 33% at 4 Gy and 83% at 8 Gy for the 25% body mass irradiation cohort. A similar trend was seen in mice receiving 2 Gy to 50% of their body mass with 17% of the exposed group responding with elevated SAA at 24 h and 83% of the exposed mice responding at 4 and 8 Gy, respectively. No significant differences in SAA response were observed between the upper and lower quadrant 25 and 50% exposures. At 2, 4 and 8 Gy, 100% of the TBI mice had elevated SAA expression. Exposure of 2 Gy to only the head, limbs, trunk or trunk and limbs together elicited no significant SAA response at 24 h. At 8 Gy, 100% of the mice receiving radiation to the trunk or trunk and limbs together had elevated SAA !150 lg/ml. No SAA response was seen in 8 Gy irradiated head or limb profiles at 24 h postirradiation (Fig. 4D) .
Plasma SAA Levels Used as Predictor of Dose in a Blind Study of TBI C57BL6 Mice
To determine if SAA levels could be used to separate exposed from unexposed ''victims'', a blinded study was performed. C57BL6 mice were total-body irradiated with 1, 2, 4 or 8 Gy and blood was collected at 24 h postirradiation.
Samples were run blinded and predictions of received dose were made based on SAA expression. Animals with plasma SAA levels !150 lg/ml were predicted to have received a TBI exposure of !2 Gy. Mice with plasma SAA levels lower than 150 lg/ml were predicted either to have received 1 Gy TBI or were in the nonirradiated control group. Analysis of SAA using the 150 lg/ml threshold correctly predicted 23/28 mice from the control/1 Gy group and 27/ 27 mice in the !2 Gy group, which included mice receiving TBI doses of 2, 4 and 8 Gy ( Table 2 ). The 5 mice incorrectly grouped as !2 Gy actually received 1 Gy TBI. At 24 h postirradiation this SAA prediction method led to correct predictions between control/1 Gy and !2 Gy exposures with 91% accuracy and had a high degree of sensitivity (P , 0.0001) and specificity for both positive and negative predictive values (Table 2) .
Potential Confounders Using SAA as a Biomarker of Radiation-Induced Inflammation
To further characterize the utility of SAA as a possible biomarker of radiation exposure, potential biological and sample handling variables were examined for their effects on plasma SAA expression. Physiological factors such as age, sex, exposure to anesthesia and psychological stress did not influence plasma levels of SAA in mice. No significant variation in SAA expression was detected between C57BL6 mice of 6-20 weeks of age. Elevated SAA was also not seen in sham-irradiated mice subjected to the stress of restraint or exposed to anesthesia. Physical trauma due to lacerations caused by repeated mandibular venipuncture attempts to the same area did result in increased SAA expression in 3 of 11 mice examined. None of the processing variables relating to storage conditions or time to processing influenced SAA values (Table 3) . 
DISCUSSION
Biomarkers of Radiation Response
There are few well characterized biomarkers of radiation response (13) . Though numerous proteins have been identified as sensitive to radiation no established biomarker for radiation dose has been developed in humans. Currently the most accepted biomarker for estimating radiation dose to an exposed individual is quantification of chromosomal aberrations, a process that is lengthy and requires highly trained personnel working in offsite laboratories (14) . c-H2AX is a well established marker of radiation-induced 
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DNA double-strand breaks and there have been studies demonstrating dose-dependent c-H2AX expression in ex vivo irradiated lymphocytes, but the early peak of cH2AX expression at 30 min postirradiation and difficulties adapting the assay to a high throughput platform may prevent further development (15, 16) .
In an attempt to identify promising novel radiationresponsive proteins, candidate targets were selected from the literature as outlined by Marchetti (17) . Of the targets examined using ex vivo human models, only c-H2AX
showed changes in response to ionizing radiation exposure. Given the lack of success using human cell lines and ex vivo samples, candidate proteins were then screened using a mouse model to better simulate radiation response in a mammalian system. Of the molecules examined using plasma from TBI mice, fibrinogen, MMP9 and SAA demonstrated increased expression with radiation exposure. SAA was selected for further study because of the magnitude of its acute response compared to the marginal increases of MMP9 and fibrinogen after irradiation. Unlike fibrinogen and MMP9, SAA also did not show significant elevation at 1 Gy, which is desirable for field applications. SAA had also been identified in a seminal study by Ossetrova and Blakely characterizing SAA elevation in mice after radiation exposure (18, 19) . Expanding on this proof of concept work we further characterized the dynamics of SAA expression after radiation exposure using a large cohort and validation using a blinded study.
Applications as a Radiation Biodosimeter
The acute phase response is a highly complex physiologic mechanism through which the body responds to challenges of injury or infection. Inflammation is a key component of the systemic changes introduced during the acute phase response, which also include cytokine cascade, mobilization a Represents the number of correct predictions of !2 Gy exposure over the total number of animals in that group. Note. þ ¼ SAA increase; -¼ no SAA response. a The age variable reflects similarity of SAA expression between mice aged 6 weeks (n ¼ 33), 7 weeks (n ¼ 19), 9 weeks (n ¼ 102), 10 weeks (n ¼ 95) and 20 weeks (n ¼ 5). P . 0.4 for all relative comparisons.
TABLE 3 Potential Variables in Clinical Screening
b The sex variable reflects pooled data from experiments involving 9 female versus 19 male nude mice. P . 0.3 for all groups. c The physical trauma variable reflects pooled data from experiments with mice receiving single or multiple mandibular lacerations (11 mice). Three out of eleven (3/11) mice showed SAA elevation .150 lg/ml.
d The psychological stress variable reflects data from 10 mice that received 8 Gy of sham irradiation. e The anesthesia variable reflects data from 3 mice receiving anesthesia alone.
f Processing variables reflect pooled data from experiments involving 28 mice. *P . 0.9 for both 0 and 4 Gy groups.
and increased production of immune cells, metabolic changes and a significant alteration of the protein synthesis profile of the liver. Inflammation is a classically held pathophysiological response to the damaging effects of ionizing radiation, and increased SAA expression after radiation exposure has recently been found in both nonhuman primates and mice (3, 4) . The acute phase protein SAA is a key mediator of the inflammatory response and there is an emerging body of evidence linking SAA expression with radiation exposure. Several key studies have shown SAA elevation after radiation exposure in both TBI and partial-body models. The data presented here are confirmatory to these previous studies in mice where similar TBI exposures ranging from 0.1-14 Gy were isolated at 4 h-7 days postirradiation, collectively (5, 11, 19) . Studies done in primates using the TBI model also highlight SAA elevation after exposures of 1-8.5 Gy over a time course of 6 h-18 days (4, 20) . Preliminary murine partial-body irradiation studies have shown elevated SAA at 6 Gy at 1-2 days postirradiation, in comparison to the current study using 2 and 8 Gy, 1 day postirradiation, but these studies utilized different partialbody irradiation profiles and restraint models (21, 22) .
The data here show a direct correlation between plasma SAA increase and TBI with !2 Gy. This acute elevation of SAA at radiation exposures of !2 Gy but not 1 Gy may have applications for use as a radiation biodosimeter. In the event of a radiological or nuclear bioterrorist incident, it is expected that mass population screenings will be needed to triage exposed individuals. Identification of exposed and unexposed individuals and subsequent determination of the level of exposure are crucial initial screenings for mass casualty first responders. Determining the level of radiation exposure is critical for identifying those individuals who best benefit from medical intervention, since increased survival is possible with treatment for those exposed to 2-10 Gy TBI, while those exposed to 1 Gy do not require treatment to survive and for those exposed to .10 Gy there is no current treatment available to ensure survival (1, 23, 24) . A biodosimeter would also be helpful with the infrequent but difficult to quantify accidental exposures that arise from lost radioactive sources in industry (25, 26) . In such cases, determining the level of exposure is exceedingly challenging due to variation in irradiation field, heterogeneity of exposure pattern, whether the radiation was TBI, partial body or resulting from inhaled airborne particles or ingested from ground contamination (27, 28) . SAA expression dynamics are often compared to another more prominent acute phase reactant, C-reactive protein (CRP). SAA and CRP are both synthesized in the liver in response to injury-related cytokine release and have a large dynamic range of expression (4) . SAA as an acute phase protein has been shown to be even more sensitive and responsive than CRP (8) . CRP kinetics have been firmly linked with the onset and duration of acute radiation sickness but the relationship between SAA expression and radiation dose has yet to be well defined (14) . Although there is limited data available examining SAA as a potential biomarker for radiation exposure, SAA has been shown to be responsive to radiation in both mice and NHP (4, 18) .
Our study demonstrates a quantitative relationship between plasma SAA levels and radiation doses between 1 to 2 Gy, and through validation with a blind study demonstrates a working model of SAA as a biodosimeter. Our dose prediction model, based on plasma SAA values from TBI mice, segregated the unirradiated and 1 Gy irradiated mice from !2 Gy irradiated mice with a high degree of accuracy. Ninety-one percent of the mice investigated were correctly identified as having received a !2 Gy exposure or as falling into the 1 Gy or control groups. The 5 mice incorrectly grouped as !2 Gy actually received 1 Gy TBI. Thus, this dose prediction yielded no false negatives, which is the ideal scenario for mass casualty screening (29) . SAA upregulation was seen primarily at 24 h postirradiation with some modest increases in expression seen at 48 h postirradiation. This correlates with the observed half-life of plasma SAA of approximately 24 h and an initial increase of SAA after radiation injury and subsequent rapid clearing from the plasma (10, 30) . Unlike the active protein, SAA mRNA has a much longer half-life and has been found to remain upregulated in the bone marrow of irradiated mice up to 28 weeks after exposure, suggesting its potential use for screening past radiation exposures (9, 31) . A longer mRNA SAA half-life corresponds with a secondary increase of plasma SAA seen in some studies after an extended latency period postirradiation. An increase in plasma SAA was noted in partialbody lung-irradiated mice 100 days postirradiation and 7 days postirradiation in TBI nonhuman primates (4, 32) . Dose prediction of the partial-body-exposed mice using the TBI-generated method was not as accurate in determining the level of exposure, although we found elevated plasma SAA corresponded to both increasing percentage of body mass exposed and increasing radiation dose. We also found that SAA elevation was dependent not only on the percentage of body mass exposure but the specific partialbody exposure profile, since 8 Gy exposures to only the limbs or only the head did not result in significant SAA response. In a previous partial-body irradiation study, Blakely et al. found significant SAA elevation at all partial-body fractions of 6 Gy, but all of these exposure profiles included significant portions of the trunk (21, 22) . These exposure profiles would be most closely comparable to our 50% quadrant partial-body exposures where we similarly saw significant SAA elevation at 4 and 8 Gy.
Ultimately it may be more relevant for medical triage to consider not received ''dose'' but received ''damage'' from radiation exposure (28, 33) . This alleviates many of the issues caused by heterogeneous exposure patterns and variation of individual responses to the same radiation exposure. For example, individuals receiving similar dose exposures between 3-7 Gy may or may not experience hematopoietic toxicity, and one clinical finding from the Chernobyl incident detailed 7 individuals exposed to extremely disparate radiation doses which all fell into the same hematopoietic toxicity category (34) . Our TBI dose prediction model might be applied to mass screening using the 150 lg/ml SAA threshold as a marker of ''!2 Gy like'' damage where any individual with SAA expression above this value would be triaged for further treatment. Potential confounders not addressed here include variation in SAA expression between C57BL6 mice and humans, as well as differences in human SAA baseline levels, which may vary by race, age, body mass index (BMI) and previous medical history (35) . Pre-existing inflammatory states could also elevate SAA irrespective of radiation exposure, given that SAA is a known marker of several inflammatory diseases including rheumatoid arthritis, cardiovascular disease and cancer (36) (37) (38) (39) .
In this study, the psychological stress of restraint did not affect SAA expression as our TBI exposure model allowed the mice minimal movement and partial-body exposures were performed on anesthetized mice. We also did not see elevated SAA after anesthesia alone. Increased SAA levels have been found in partial-body-irradiated mice subjected to the stress of complete restraint without the use of anesthesia (21) . Elevated SAA was evident, in our current study however, after significant physical trauma in some animals, where 3 of 11 mice subjected to repetitive mandibular venipunctures in a short period of time had elevated plasma SAA. Such factors are extremely relevant to a massscreening situation, as most radiological attacks would present a multicomponent scenario where radiation exposure is but one injury, which may then be complicated by shock, blood loss, thermal burns and physical trauma. SAA elevation after lipopolysaccharide exposure used to mimic infection in such scenarios is also a potential confounder (40) . As such, it is acknowledged that the inflammatory response to injury and infection in addition to chronic inflammatory states caused by pre-existing disease conditions may obfuscate SAA increases that are a direct result of radiation exposure.
Psychosomatic-induced symptoms also will complicate triage during mass casualty events particularly where potential radiation exposure is a concern (41, 42) . Incorporating SAA into a multiparametric approach with a biomarker panel including other plasma proteins responsive to radiation but not to inflammation would help eliminate these false positives (20, 29, 43) . The addition of SAA to such a panel provides an acute response at the critical screening dose of !2 Gy but not at 1 Gy and at the earliest time point of potential screening at 24 h post exposure. Since such a diverse biomarker panel of radiationresponsive proteins would ideally include both early and late responders to radiation exposure, the acute early response of SAA may prove useful. Further work with MMP9 and fibrinogen might help identify other valuable biomarkers, as well. Although our TBI data largely correlates with previous studies of SAA elevation after radiation exposure, our study incorporates much larger animal cohorts and examines additional biologic and processing variables relevant to the use of SAA as a biodosimeter. Our partial-body irradiation profiles examine new exposure patterns and add to a growing body of data characterizing SAA expression after radiation exposure.
In conclusion, we have presented here a working plasma SAA biodosimetry model for irradiation in mice. There is an emerging body of data suggesting SAA as a potential biodosimeter in mammalian systems. The dynamics of SAA expression in response to radiation make it a prospective plasma biomarker of radiation dose and radiation damage in both total-and partial-body exposure paradigms. SAA may have many clinical and mass casualty applications as a potential biomarker of radiation exposure. 
